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Abstract 
The present investigation was conducted in the summer seasons of 2010, and 2011 at the Agricultural Research Station, 
Faculty of Agriculture, Alexandria University to study the effect of four plant populations (45000, 60000, 750000 and 
90000 plants/ ha, respectively) on the field performance of five sunflower hybrids (Malabar, Romson 32, Horizon Record 
and Galla). The results showed that most of the studied yield and quality characters were significantly influenced by both 
plant densities , hybrids and their interaction. 
The lowest density gave the shortest plant and the highest values for leaf area, head diameter, 1000 seed weight, seed oil 
percentage and non-saturated fatty acids (oleic and linoleic). On the other hand, that density resulted in the significantly 
lowest value for days to harvest, leaf area index, dry matter yield, seed yield per ha, total oil yield and both saturated fatty 
acids , palmatic and stearic. The hybrid Record surpassed the other hybrids in most of the studied yield and quality 
characters. 
The plant density × hybrid interaction revealed that the hybrid record gave the highest values for average leaf area 
(0.56cm2), head diameter (33.9cm), 1000 seed weight (80.82g), seed oil percentage (45.9%), total oil production (1.23t/ha) 
and unsaturated fatty acids at the lowest plant density, whereas it gave the highest values for total dry matter production 
(16.3 t/ha), seed yield (3.6 t/ha) and total oil yield (1.23 t/ha), at 75000 plants per ha. 
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Sunflower (Helianthus annuus L.) is becoming an increasingly important source of edible vegetable oil 
throughout the world due to its high oil content (40-52%), no cholesterol and high non saturated fatty acids 
content that ranged between 85-91% [13 and 14]. In addition, the oil contains variable amounts of vitamins K, 
E, D and A. The by-products of the seed (seed cake) is a rich source of proteins (35%) and carbohydrates (18-
20%) for animals and poultry feed. 
Productivity per unit area of sunflower is determined by many factors including plant population and 
variety. Plant density per unit area determines the optimal above ground conditions that allows the plant to 
acquire the essential growth elements (light , Co2, etc …) that influence the productivity of dry matter and 
hence the final yield [2, 3 and 6]. Number of heads per unit area increased, thus leading to a 23% increase in 
seed yield when plant population reached 100 thousands plant/ha [8], whereas [7,15 and 20] reported that 
maximum seed yield , was obtained with 60 thousand plants/ha. Other reports indicated that 40-50 thousand 
plants/ha gave the highest seed and oil yields per ha [10 and 21]. Those reports illustrated that plant density 
per unit area in sunflower differs with variation in environmental conditions in different production areas [9 
and 16]. In Egypt, results of several researches indicated that increasing plant population led to decrease in 
head diameter, 1000-seed weight and oil yield per unit area [7 and 17] . With regard to variety, several reports 
indicated that choice of the variety is important in determining the final yield per unit area. High-yielding 
varieties that are responsive to cultural practices offer an opportunity to increase seed yield [7]through increase in 
yield component characters [18and 19].  
The present investigation was carried out to study the influence of plant density, sunflower hybrids and 
their interaction on quality and quality of seed and oil yields of sunflower. 
2. Materials and methods 
The present investigation was conducted in the summer seasons of 2010 and 2011 at the Agricultural 
Research Station, Faculty of Agriculture, Alexandria University.  
Five sunflower hybrids were used in that investigation ,  these were: 
Name Symbol Origin Source 
Malabar H1 Russia ARC 
Galla H2 USA ICARDA 
Record H3 Romania ICARDA 
Hyrizon H4 Turkey ICARDA 
Romson 32 H5 Romania ICARDA 
The five hybrids were sown at different plant densities as follows: 45 thousand plant/ha (D1), 50 thousand 
plants/ha (D2), 75  thousand plants/ha (D3)and 90 thousand plants/ha (D4).  The experiments were carried out 
as split plot design, where the plant densities were distributed in the main plots and hybrids were allocated to 
the sub-plots. Experimental sub plots consisted of five ridges, each 4 m in length and 0.6 m width. Sunflower 
seeds were sown in hills in the regular hand planting at the denoted hill spacing , to gave the required plant 
densities and thinned to one plant/ hill after 21 days. All other cultural practices were carried out as 
recommended for sunflower production. 
At harvest, five guarded plants were taken from each experimental unit to measure days to flowers, plant 
height (cm), head diameter (cm), leaf area/ plant (m2), using Kp-90 N model planimeter, 1000-seed weight and 
weight of seeds/ head (g). Seed yield was determined (Kg) from the three inner ridges per plot and was 
converted to tons per hectare. Oil content in sunflower seeds was determined using Soxhlet apparatus with 
hexane (60°C) as a solvent according to[1]. Fatty acids determination (%) was performed using gas 
chromatography apparatus. Data were statistically analyzed according to [22] using the SAS version 9.0 (2006) 
and the curves were drown using the Curve Expert ver. 3.1 (2000). The analysis of variance for both seasons 
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revealed homogeneity of error, therefore the combined (average of the two seasons) means are presented. 
3. Results and Discussion  
3.1. Morphological, physiological yield and yield components 
Means of morphological, physiological, yield and yield components characters, as influenced by plant 
density and hybrid variety, along with their interaction, are presented in (Tables 1 and 2). 
Comparison between plant densities means (as an average of the two growing seasons) revealed that 
increasing plant density from 45 to 90 thousand plants per ha led to  significant decrease in days to flowering , 
leaf area per plant, head diameter and 1000- seed weight. On the other hand, significant increases in plant 
height, leaf area index, total dry matter production per ha and seed yield per ha were recorded with increasing 
plant density. These findings could be explained on the basis of intraplant competition in the different plant 
densities, where competition between plants for growth is expected to increase with increasing crowdness in 
higher plant densities. That would lead to taller plants due to competition for light and earlier flowering due to 
competition for nutritional resources. Similarly, increasing plant crowdness would lead to decrease in 
individual plant characters (leaf area, head diameter and 1000-seed weight) due to the decrease in allocation 
of nutritional resources in higher densities compared to more lax populations. However, the collective 
influence of higher plant densities will lead to higher production per ha (total dry matter and seed yield per 
ha). These findings were in agreement with those reported by [4, 6, 7, 8 and 12]. 
Differences between studied hybrids were significant for all studied characters except head diameter. 
Hybrids varied in their performance in the different character, however, H3 (Record) was superior to all the 
other hybrids in 1000-seed weight, dry matter production per ha and seed yield per ha. The same hybrid 
recorded high values for the other studied characters with other hybrids. In addition, that hybrid was early in 
flowering and tall. The superiority of that hybrid may be due to its ability to make better use of available 
resources, compared to other hybrids, to give higher production of dry matter and translocate it to its seeds 
resulting in higher 1000-seed weight and seed yield. Variations in varietal performance were reported by several 
researchers [2 and 12]. 
The data for plant density × hybrid interaction further emphasized the superiority of H3, compared to the 
other hybrids, where it recorded consistently the highest values, at all plant densities, for plant height, leaf 
area per plant, 1000-seed weight, dry matter production and seed yield per ha. 
Regression analysis (Fig. 1) revealed that the studied characters exhibited a linear relationship, either 
positive or negative, with increasing plant density. Plant height, dry matter production and seed yield per ha 
showed progressive increase in their values will increasing plant density with significant b values of about 
0.003, 0.08 and 0.03, respectively. On the other hand, leaf area per plant and 1000-seed weight showed 
progressive decrease in their values with increasing plant density with significant b values of about –0.003 
and 0.38, respectively [2, 5, 12, 21 and 24]. 
3.2. Oil quantity and quality characters 
Means for total oil production, seed oil percentage and content of nonsaturated and saturated fatty acids, as 
influenced by plant density and hybrid, along with their interaction, are presented in (Tables 3 and 4). 
The data revealed that increasing plant density up to 75 thousand plants per ha significantly increased total 
oil production, then was significantly decreased as plant density was increased to 90 thousand plants per ha. 
That may be explained by large decrease in seed oil content, at the highest plant density, that was not 
compensated for by increasing the number of plants per unit area. The intra-competition between plants in 
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dense populations for nutrients and water supply, in addition to excessive shading, may be responsible for that 
noticeable decrease in seed oil content. These findings were in accordance with those reported by [2, 8 and 
12]. The data further illustrated a progressive and significant decrease in nonsaturated fatty acids (oleic and 
linoleic), and hence a proportional and significant increase in saturated fatty acids (palmitic and stearic) with 
increasing plant density [11 and 12]. 
Such a trend should be taken in consideration to sustain equilibrium between increasing oil production and 
the nutritive value of that oil.  
Concerning the performance of hybrids, the H3 (Record) was superior to the other hybrids with regard to 
total oil production per ha and oleic acid content of seeds. In addition, that variety was of high content of 
linoleic acid and oil seed percentage. Similar results were reported by [2 and 11] who recorded variations with 
sunflower cultivars for oil production. 
The interaction between the two studied factors (Table 4) significantly influenced quantity and quality 
characters of oil except oleic acid content. The highest total oil production resulted from sowing H3 at 60 
thousand plants per ha. The same combination gave the most appropriate balance between the decrease in 
non-saturated fatty acids (oleic and linoleic) and increase in saturated fatty acids (palmitic and stearic) to 
preserve the high nutritional value of the produced oil. 
Regression analysis for oil quantity and quality traits (Fig. 2) showed that total oil production exhibited a 
curvilinear relationship with increasing plant density indicating the significant effect of both linear and 
quadratic effects. That may be due to the influence of several other factors, other than plant density, on that 
trait, such as environmental and nutritional factors [11, 12 and 23].  
Moreover, seed oil percentage and non-saturated fatty acids content exhibited a negative linear relationship 
with increasing plant density with  “b” values of about –0.31, –0.15, and –0.22, respectively. On the other 
hand, saturated fatty acids content was of positive linear relationship with increasing plant density with “b” 
values of about 0.077 and 0.083, respectively. 
The present investigation revealed that the hybrid Record was the superior variety among all studied 
cultivars, and gave the highest values for seed yield per ha when sown at the highest plant density (90 
thousand plants per ha), whereas it gave the highest total oil production and the most appropriate balance 
between non-saturated and saturated fatty acids content when sown at 60 thousand plants per ha. That 
necessitates the need to choose an appropriate plant density that would result in the best combination of seed 
yield and oil yield and quality. 
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Table 1. Means for morphological, physiological and yield component characters as influenced by plant densities and  hybrids as an 
average of 2010 and 2011 seasons 
Factor Days to 
flowering 
(day) 
Plant 
height (cm) 
Leaf area 
(m2) 
Leaf area 
index 
Head 
diameter (cm)
1000-seed 
weight (g) 
Dry matter 
(ton/ha) 
Seed yield 
(ton/ha) 
 Plant density
D1 74.267a @ 157.200d 0.557a 4.120d 33.29a 78.853a 13.180d 2.601d
D2 72.800b 164.73c 0.529b 4.370c 31.36b 73.680b 14.673c 2.806c
D3 73.13b 173.67b 0.479c 4.647b 23.347c 67.660c 15.840b 3.466b
D4 71.73c 180.93a 0.442d 5.380a 25.760d 62.660d 17.053a 3.815a
 Hybrids
H1 (Mala) 73.750a 167.917c 0.502ab 4.658a 29.342a 70.917b 15.092b 3.155bc
H2 (Galla) 72.667b 168.833b 0.500b 4.638ab 29.583a 71.075b 15.167b 3.172b
H3 (Record) 72.667b 170.00a 0.503a 4.642ab 29.575a 72.017a 16.617a 3.276a
H4 (Hyrizon) 73.083ab 169.667ab 0.502ab 4.608ab 29.250a 70.525c 15.033b 3.113c
H5 (Romson) 72.750b 169.250ab 0.500ab 4.600b 29.450a 70.284c 15.025b 3.143bc
@ Means followed by the same letter are not significant, but different letters are significant at 0.01 level of probability. 
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Table 2. Means for morphological, physiological and yield component characters as influenced by plant densities × hybrids interaction as 
an average of 2010 and 2011 seasons 
Factor Days to 
flowering 
(day) 
Plant 
height (cm) 
Leaf area 
(m2) 
Leaf area 
index 
Head 
diameter 
(cm) 
1000-seed 
weight (g) 
Dry matter 
(ton/ha) 
Seed yield 
(ton/ha) 
 Density × Hybrid interaction 
D1 × H1 75.000 157.000 0.558 4.067 32.933 78.733 13.133 2.500 
D1 × H2 75.000 157.667 0.557 4.133 33.267 80.067 13.300 2.571 
D1 × H3 74.333 158.667 0.560 4.133 33.900 80.867 13.667 2.668 
D1 × H4 73.667 158.000 0.559 4.167 33.233 79.467 12.833 2.567 
D1 × H5 73.333 154.667 0.549 4.100 33.133 80.133 12.967 2.700 
D2 × H1 72.667 163.667 0.529 4.443 30.967 73.933 14.533 2.791 
D2 × H2 71.667 163.667 0.525 4.350 31.033 73.233 14.633 2.808 
D2 × H3 72.333 166.000 0.530 4.400 31.367 74.333 15.200 2.939 
D2 × H4 73.667 164.667 0.530 4.333 31.700 73.667 14.600 2.768 
D2 × H5 73.667 165.667 0.529 4.333 31.733 73.233 14.400 2.722 
D3 × H1 73.667 171.333 0.478 4.633 27.800 68.667 15.700 3.481 
D3 × H2 72.333 173.000 0.479 4.667 27.933 68.067 15.767 3.558 
D3 × H3 72.667 174.333 0.480 4.667 27.400 69.267 16.300 3.604 
D3 × H4 73.667 174.333 0.477 4.567 26.467 66.367 15.700 3.350 
D3 × H5 73.333 175.333 0.481 4.700 27.133 65.933 15.733 3.338 
D4 × H1 73.667 179.667 0.442 5.500 25.667 62.333 17.000 3.848 
D4 × H2 71.667 181.000 0.440 5.400 26.100 62.933 16.967 3.751 
D4 × H3 71.333 181.000 0.443 5.367 25.633 63.600 17.300 3.894 
D4 × H4 71.333 181.667 0.443 5.367 25.600 62.600 17.000 3.770 
D4 × H5 70.667 181.333 0.442 5.267 25.800 61.837 17.000 3.814 
LSD0.05 1.038 1.76 0.137 0.1053 000 0.779 -- 0.0912 
Table 3. Means for oil yield and quality as influenced by hill spacing and hybrids , as an average of 2010 and 2011 seasons 
Factor Total oil 
(ton/ha) 
Oil (%) Oleic acid (%) Lenoleic acid 
(%) 
Palmitic acid 
(%) 
Stearic acid 
(%) 
 Hill spacing 
D1 1.182c @ 45.438a 26.988 69.343a 5.432d 3.688d 
D2 1.211b 42.860b 25.130b 66.526b 6.593c 5.415c 
D3 1.266a 36.501c 23.192c 61.575c 7.707b 6.625b 
D4 1.217b 31.897d 20.182d 59.815d 8.906a 7.426a 
 Hybrids 
H1 (Mala) 1.215bc 39.382a 23.803b 63.823b 7.218a 5.713a 
H2 (Galla) 1.237b 39.787a 23.640b 64.029b 7.254a 5.763a 
H3 (Record) 1.288a 39.793a 24.649a 64.923a 7.143a 5.863a 
H4 (Hyrizon) 1.172d 38.446b 23.685b 64.752a 7.089a 5.811a 
H5 (Romson) 1.185c 38.464b 23.588b 64.045b 7.094a 5.793a 
@ Means followed by the same letter are not significant, but different letters are significant at 0.01 level of probability. 
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Table 4. Means for total oil production and quality characters as influenced by hill spacing × hybrids interaction in 2010 and 2011 
seasons 
Factor Total oil  
(ton/ ha) 
Oil (%) Oleic acid (%) Lenoleic acid 
(%) 
Palmatic acid 
(%) 
Stearic acid 
(%) 
 Hill spacing × hybrids interaction 
D1 × H1 1.123 44.903 27.040 68.747 5.403 3.670 
D1 × H2 1.169 45.450 26.493 68.730 5.667 3.837 
D1 × H3 1.227 45.970 27.883 69.867 5.460 3.930 
D1 × H4 1.158 45.123 26.887 70.613 5.140 3.373 
D1 × H5 1.235 45.743 26.637 68.757 5.490 3.630 
D2 × H1 1.231 44.100 25.050 66.593 6.863 5.250 
D2 × H2 1.233 43.900 24.713 66.537 6.357 5.227 
D2 × H3 1.326 43.610 25.877 67.640 6.693 5.337 
D2 × H4 1.146 41.407 25.263 66.096 6.487 5.907 
D2 × H5 1.124 41.287 24.747 65.763 6.567 5.353 
D3 × H1 1.248 35.843 22.750 61.013 7.770 6.807 
D3 × H2 1.310 36.823 23.133 61.137 7.943 6.837 
D3 × H3 1.367 37.933 23.810 61.857 7.780 6.550 
D3 × H4 1.213 36.207 23.033 62.057 7.603 6.400 
D3 × H5 1.192 35.700 23.233 61.810 7.437 6.533 
D4 × H1 1.258 32.680 20.370 58.940 8.833 7.127 
D4 × H2 1.238 32.973 20.220 59.713 9.050 7.153 
D4 × H3 1.233 31.657 21.027 60.330 8.637 7.633 
D4 × H4 1.170 31.047 19.557 60.240 9.127 7.563 
LSD0.05 0.094            0.947                  -  0.788 0.405           0.415  
 
Fig. 1. Relationship between hill spacing and morphological, physiological and yield components characters of sunflower 
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Fig. 2. Relationship between plant density and oil quality characters of sunflower 
